Guidelines for the presentation of quantum mechanical computational data in organic chemistry (Technical Report)
Abstract Guidelines are offered ooncerning information that should be repomxi in the primary chemical literahm relating to the techniques and results of quantum mchanical calculations. The goal of these Guidelines is to outline the infomation required to allow an informed reader to reproduce the results and make an objective evaluation of the quality of the work.
I. INTRODUCTION
The primary objective of this document is to offer a set of guidelines concerning what information should be reported in the primary chemical literature relating to the techniques and results of quantum mechanical calculations. This information should be comprehensive to the point that an informed reader can reproduce the results and make an objective evaluation of the quality of the work.
GENERAL GUIDELINES
Specification of non-default parameters is generally desirable and is described for common methods in the following sections. The publication of results computed with a standard program should include its name, version number and source (e.g., Quantum Chemistry Program Exchange number), the date of i t s latest revision (where appropriate) and a reference to the most definitive publication in which that version is described. Frequently, the program allows a freedom of choice among basis sets, convergence criteria, etc. It is suggested that authors specify these details in a section of the paper entitled "Computational Details." When presenting results, extensive tabulations of eigenfunctions, eigenvalues, net atomic charges, orbital populations, and contour plots of orbitals should be included only if they are used t o support a specific argument in the paper. Quantum chemistry is replete with acronyms. Care should be exercised with definitions when less common acronyms are used. Symbols for physical quantities should be a single letter which may be modified by subscripts, see Pure and Applied Chern. 1978,
1-41 for details and examples.
Structural formulae should be presented in which the atoms are unambiguously numbered unless a standard numbering system is used; in the latter case, it should be cited. Whenever the symmetry of an orbital, electronic state or reaction path is specified by a group theoretical notation, the axis convention adopted should be stated. The calculated total energies (to lo-' hartree) or heats of formation (to 0.5kJ/mol) should be reported for each molecule studied. Details associated with reporting the results of CI calculations and geometry optimizations are given in sections V and VI, respectively.
Ill. SEMI-EMPIRICAL METHODS

A. Extended Hhkel
IV. NONEMPIRICAL METHODS
A. All-electron sb initio
The program used should be cited and any use of non-default values, e.g. convergence criteria, integral cutoff threshold, etc., should normally be noted. Particular care is required for the specification of the basis sets used for all atoms in the molecule(s 
B. Pseudopotentialleffective core potential
In addition to relevant aspects arising from section IV A, the form of the potential must be indicated, e.g., numerical, analytical fit, core projections. References should be given to the potentials used or, if they have not been published elsewhere, the parameters associated with the potentials should be tabulated. Finally, it should be stated as to whether or not relativistic corrections have been included.
C. Valence bond methods
In addition t o relevant aspects arising from section IV A, it should be indicated which orbitals are constrained to be orthogonal to each other and how the orbitals used to construct the determinants are defined, e.g., atomic orbitals of free atoms, SCF orbitals of molecular fragments, optimized so as to minimize the energy of the total valence bond wavefunction, etc.
All valence bond configurations involved in the total wavefunction or the way in which they were generated should be specified.
D. Density functional approaches
In addition to relevant comments in section IV A, the nature of the exchange, correlation potential and approach, i.e., scattered wave or basis set, should be specified. The sphere size and value of a (if applicable), numerical integration scheme and total energy (if applicable) are required.
V. POST HARTREE-FOCK TECHNIQUES
There is much flexibility associated with post Hartree-Fock calculations. Therefore, in general, authors should exercise care in describing the particular method and associated details.
The most common techniques are covered below. In all cases, the total energy, including the correlation contribution, should be reported (to lo-' Hartree).
A. CI calculations
It is important to specify which orbitals are used as the basis for the CI calculations e.g. the excitation level, the maximum allowed number of unpaired electrons, and the total number of configurations. Any extrapolation (higher order correction) procedure must be given, as well as any scheme for reducing the number of configurations (the criteria used as thresholds).
Extensive tabulation of CI coefficients, in general, is not encouraged in the main body of the paper but may be given as supplementary material.
GVB, MCSCF, Complete-active-space self-consistent-field (CASSCF) calculations
The source of the starting orbitals along with the convergence criteria and the starting configuration(s) must be specified. Specification must be made as to which orbitals are always doubly occupied, which are always empty, and which are active, i.e., have variable occupation.
In addition, some rationale as to why these were selected should normally be given. Any subsequent CI procedure should follow the guidelines given in section V A.
C. Many-body perturbation techniques
The source of the orbitals should be cited and any of them, in particular core orbitals, which have been excluded from the perturbation calculation must be clearly documented. The order of perturbation theory used and, in the case of partial treatments, which excitations have been included must also be given; e.g., MP4(SDQ) indicates a fourth order Miiller-Plesset treatment with single, double, and quadruple excitations, but not triple excitations. The notation MPn would indicate a full nth order treatment, Other perturbation treatments are less common and some description of the method should be given.
VI. GEOMETRY OPTIMIZATIONS AND FOLLOWING REACTION PATHS
If a standai J program is used, the specific optimization technique (Fletcher-Powell, Murtaugh-Sargent, Schlegel, etc.) should be mentioned and the appropriate reference should be given. Any modification of the parameters associated with a standard program must be stated. If a non-standard program is used, then the convergence criteria should be given along with a description of the method.
All geometric constraints, e.g., bond lengths and/or angles arbitrarily held at fixed values, or restriction to a particular molecular symmetry, need to be given. Certain geometric features, such as cyclic bonding, may result in the overspecification of internal coordinates and it should be clearly stated how such redundancies are eliminated. In problematic instances, particularly where several stationary points on a potential energy surface have been found, some indication should be given for how these were found, The phrase "the geometry was fully optimized subject t o a (specified) symmetry constraint" should be reserved for computations in which no constraints whatsoever were imposed, other than those imposed by the specified symmetry.
Optimized bond lengths (to 0.1 pm) and angles (to 0. If a schematic potential energy surface (consisting of a series of linked stationary points) is reported, it should be noted whether or not the connections between the stationary points have been explicitly confirmed. In cases where a detailed reaction pathway has been determined, the nature of the procedure used, e.g., intrinsic reaction coordinate (IRC) in mass-weighted Cartesian coordinates, etc., and the size of the interval between points along the path, whether this is fixed or variable, and in the latter case the criteria used for varying it, must be specified.
